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Ultrasonic systems and tr ansducer assemblies 
invention #1 - ultrasonic gyjteni and transducer assembly 

UlSomd n energy for therapeutic applications is used in various medical scenarios 
such as destroying stones in the urinary system using sound shock waves 
(Lithotripter), high intensity focused ultrasound for ablation of malignant and benign 
tumors, ultrasound for acoustic management of embolism etc. 
Any application, which involves the need to generate acoustic energy extra- 
corporeally and delivering this energy into the living body, for any medical diagnostic 
or therapeutic purpose, must accommodate several conditions of technological nature. 
1 Acoustic matching for efficient delivery of acoustic energy from the 
transducer to the body, taking into account an arbitrary shape of the body 

2. Avoiding heating of the transducer during operation which may influence its 
efficiency or even lead to its permanent malfunction (this condition is relevant 
mainly to power ultrasound applications) 

3. Avoiding heating of insonated tissue, especially skin which is prone to heating 
by acoustic energy m 

4. Eliminating acoustic obstacles, such as bubbles, from the path of acoustic 
energy between the transducer and the target body 

Descri ption of the invention 

The invention disclosed in this document is a system for delivery of ultrasonic : energy 
into the body or more specifically a transducer assembly, designed to address the 
technological problems described above. A general schematic figure of the disclosed 
transducer assembly is given in Figure 1 below: 
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Fiaure 1 depicts the disclosed assembly which in based on an ultrasonic transducer 1, 
generally but not necessarily a power transducer, which is fully enclosed within a 
housing 2, made from any solid material such as but not limited to plasties i.e. 
Perspex, Polycarbonate, Teflon, Acculon or metals i.e. Aluminum or Steel or any 
flexible material. The frontal part of the housing 3 is made from a dun flexible, 
acoustically transparent membrane such as but not limited to La^ex Polyurethaae 
Polyethylene, etc. The transducer is fixed within the housing on a fixed mount 4-The 
power cable of the transducer 5 is integrated to the housing 2 such that electrical 
energy may be delivered to the transducer from external source via this power cable 5^ 
The housing is hermetically sealed except for two ports 6 and 7 Port 6 is an inlet port 
connected to a liquid pump such as to allow flow of liquid mto the housing and port7 
is an outlet port allowing liquid to flow from the housing back to the pump The ports 
may be designed in such a way that the resistance to flow through port 7 is larger than 
the resistance to flow through port 6 so that residual positive pressure will be 
maintained within the housing which will inflate the flexible layer 3 and press it 
against the body. The difference in flow resistance can be obtained for example by 
making the outlet port 7 narrower that inlet port 6. The liquid used in this device can 
be water, degassed water or any other coolant used in the industry. 

Figure 2 below depicts in block diagram of the complete system connection of the 
device depicted in Figure 1 above to peripheral components: 



□ 



Power source 




Liquid 




Cooling 


pump 




device 



Figure 2 - Block diagnrn af die system 
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As is depicted in Figure 2 above, the full system contains two circuits - the first 
circuit is electrical which provides electrical power generated by the power source 8 
and delivered to the transducer to be converted to acoustical power. The second 
circuit is based on a pump 9 driving the liquid into the housing. A cooling device 10 
such as, but not limited to, a small refrigerating unit is connected in series and cools 
the temperature of the liquid down to a controlled temperature prior to driving the 
liquid back into the housing. 

The invention disclosed in this document possesses some unique attributes 

1 Acoustical coupling between the transducer and the treated organ is ensured 
by continuous liquid path from the surface of the transducer to the flexible 

membrane . , . 

2 Cooling the transducer which is fully immersed in liquid on one side and the 
surface of the organ (usually, skin) on the other side by the liquid which serves 

also as a coolant c 

3 Dynamic inflation of the flexible layer and pressing it against me surface of 
the skin by virtue of the positive residual liquid pressure within the housing, 
ensures good coupling even to organ with peculiar surface structure 

4. Rapid liquid flow through the housing removes air bubbles which may 
disperse the acoustic energy within the housing 

It should be noted that the technical description provided above is merely a single 
realization of the presented invention. There are numerous alternatives to realize this 
invention which may be suggested by an average person skilled m the art, such as 

• Different mounting of the transducer within the housing 

• Different materials for housing, flexible layer or circulating liquid 

• Different method for generating residual positive pressure inside the housing 

• Different cooling devices 



All such changes and others, which may be suggested by an average person skilled in 
the art, should be considered as obvious and clearly falling within the scope of the 
present invention. 
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Invention #2 - Ultrasonic system and disposable sterile transducer assembly 



Introduction 

Inaprevious provisional application, no 60/544,459 filed on February 12, 2004, by 
the same inventors, a method and system for deflecting embolic flow in the aortic 
arch has been disclosed. The main application of the above mentioned invention is to 
protect the brain of a patient undergoing cardiac surgical procedure, such as coronary 
bypass surgery or heart valve replacement surgery, from emboli created throughout 
the course of the surgical procedure and endanger the neurological function of the 
patient. In the above-mentioned provisional application, several methods of fixation 
of the transducer within the chest cavity were disclosed and discussed. 

In order for such a device to be applicable for use in cardiac surgery, the transducer 
and its surrounding support system must comply with the technical and clinical need 
as well as to surgical theater regulations. Such as: 

1 Full sterility of system components residing in the surgical field without 
compromise even under fault (spillage of coolant into the body of the patient) 

2. Allow simple and fast attachment of the transducer to the aorta such that the 
location of the transducer relative to the aorta will not change under movement 
of the aorta during the surgery 

3. Acoustical matching between the transducer and the insonated tissue (aorta 
etc) with compliance to irregular tissue surface structure 

4. Avoid contacting the aorta with hard elements in order to avoid embolization 
from detached aortic plaque 

5. Provide cooling to the transducer in order to keep it operating within its 
normal operating regime j 

6. Provide cooling to the surface of the insonated tissue m order to avoid 
potential heating by the absorbed ultrasonic energy 



Description of the invention 

The invention disclosed below is a system and transducer assembly for delivery ot 
ultrasonic energy to any part within the human body during surgery and more 
specifically for delivery of ultrasonic energy to the aortic arch during cardiac surgery 
for the purpose of re-routing embolic flow in the aortic arch and avoiding its passage 
into the cerebral vessels. The system comprises an external component (non- 
disposable) and a disposable component which is simple to deploy in association with 
the aortic arch, amenable for fast and simple sterilization, does not compromise 
sterilization requirements even if faulty and provides soft and efficient acoustic 
coupling to the insonated tissue, e.g. the aorta. 
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A general schematic figure of the disposable transducer component is given in Figure 
3 below (it should be noted mat Py™™* is not to scaled. 




Fieure 3 depicts the disclosed system which in based on an ultrasonic transducer 1, 
generally but not necessarily a power transducer, which is fully encapsulated within a 
hollow housing 2, made from any solid material such as but not limited to plastics i.e. 
Perspex, Polycarbonate, Teflon, Akulon or metals i.e. Aluminum or Steel, or a 
flexible material. The frontal side of the housing 3 is a membrane inade from a thin 
flexible acoustically transparent material such as but not limited to Latex, 
Polyurethane, Polyethylene, etc. Attached to the housing is/are one or two (or more) 
wires 4 whose shape may be easily deformed by hand, such as made from a soft 
metal" such as Copper. If the wire is made from a non-bio-compatible material it may 
be enveloped in a biologically inert soft material such as Silicone. The wires serve to 
attach the transducer to the aorta by way of suturing. For that purpose the wires 
contain loopholes or a series of circumferential notches (not shown) to enable^ suturing 
the wires to the aorta. The power cable 5 of the transducer is threaded through a 
hermetically sealed port in the housing 2 such that electrical energy may be delivered 
to the transducer from external source. The external end of the power cable ends with 
a connector 6 adequate for efficient connection to an external power source, e.g. 
BNC UHF or a similar connector. The housing contains two ports 7 and 8. fcacn or 
ports'? and 8 is connected to one end of an external hose 9. The combined housing 
and hose comprise a hermetically sealed closed volume. This combined volume is 
filled ^th a liquid, such as but not limited to degassed water, serving both as a 
coolant as well as a coupling medium to deliver acoustic energy from the transducer 
to the membrane. The ports may be designed such that the resistance to flow through 
port 7 is larger than the resistance to flow through port 8 so that residual positive 
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pressure will be maintained within the housing, which will inflate the membrane 3 
and press it slightly against the insonated organ. The difference in flow resistance can 
be obtained for example by making the outlet port 7 narrower that inlet port 6. 
The disposable transducer assembly depicted in Figure 3 above can be sterilized as is 
using standard sterilization methods, such as Gamma irradiation and then packed in a 
sterile envelope. The main problem to overcome is to keep the internal cooling liquid 
sterile during circulation such that if the membrane fails in operation and the liquid 1 is 
spilled into the patient's chest cavity, sterility is not compromised. The solution to this 
problem is described below. 

Figure 4 below depicts the connection of the disposable transducer assembly 
described above to the peripheral components, comprising the non-disposable 
components of the system: 
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Cooling 1 11 1 
device 




-rS>H 




Roller pump 





Power 




12 




source 





Fimire 4 - Blnefc diagram o f the peripheral components 



As is depicted in Figure 4 above the disposable transducer assembly is connected to 
two circuits - a power circuit and a coolant/liquid circuit. The external hose is 
connected to a roller pump 10, which is capable to induce flow within the closed 
coolantfliquid circuit ™thmrt contac t with the liquid itself, maintaining the sterility of 
the liquid/coolant The use of the roller pump or generally any other "non-contacf 
pump is therefore particularly useful in this context Thus, even if the membrane 
breaks down and Uquid/coolant is spilled into the patient, sterility is not compromised. 
Moreover, the external non-disposable roller-pump is not required to be sterile at all. 
The roller pump and the segment of die hose, connected to the roller pump, are 
maintained in a refrigerated compartment ll.such that upon turning the roller-pump 
ON in coordination with activation of the transducer, a fresh supply of cold liquid to 
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the transducer housing enables maintaining the transducer within a desired 
temperature regime. 

It may also be beneficial that the segment of the external hose, which is connected to 
the roller-pump, will have a larger diameter its part, connected to the transducer 
housing. This way the majority of the liquid/coolant will be maintained in the 
controlled temperature environment and easily supply cold liquid through the 
transducer housing for a long period of time. 

The power cable is connected to the power supply unit 12. In order to ensure 
disposability of the transducer assembly, the connector 6 (as depicted in Figure 3 
above) may be equipped with internal chip or any other code-containing standard 
electronic element enabling the power supply unit to electronically control that every 
transducer assembly is used once. 



Fixture the transducer housing to the aorta _ . + 

The standard way to connect the transducer housing to the aorta of a patient 
undergoing a cardiac surgical procedure is depicted in Figure 5 below: 




Membrane 



Suture 



Cross sectional view 

Top view 

Figure S - Suturing the transducer housing to the aorta 



The method to fix the transducer housing to the aorta is first to position the transducer 
housing in place and then bend the wires around the aorta and suturing them to the 
aorta (actually to the Adventitial layer which is the external layer of the aorta). The 
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most important advantage of this method is that the location of the transducer relative 
to the aorta will not change, even when the aorta moves, either by heartbeats or by 
any mechanical manipulation of the aortaby the surgeon. Thus, the acoustic beam 
will remain aligned at the origins of the innominate and left common carotid arteries. 
For enhanced stability of the transducer housing, the surgeon may suture the power 
cable, a few centimeters away from its connection to the transducers, to the patient s 
skin above the transducer housing 
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inv<mtf nn #3 - Method and s y««»n» for gas tiling of nltrasonlc transducer 

Introd uction: . . 

Ultrasound energy for therapeutic applications is used in various medical scenarios 
such as destroying stones in the urinary system using sound shock waves 
(Lithotripter), high intensity focused ultrasound for ablation of malignant and benign 
tumors, ultrasound for acoustic management of embolism etc. 
Any transducer intended to generate acoustic power for the use of therapeutic 
ultrasound may encounter the problem of heating of the transducer, or more 
specifically, its piezoelectric element, and the need for cooling the device in order to 
enable prolonged activation. Cooling of the transducer is usually achieved by 
immersing the transducer in controlled-temperature liquid (e.g. water) in order to 
remove excessive heat from the transducer. However, many power transducers utilize 
air-backing technology in which the piezoelectric element within the transducer is 
backed by air in order to prevent acoustic energy from flowing backwards and 
maintain high energy conversion efficiency. A typical air-backed transducer is 
depicted in Figure 6 below. As the piezoelectric element heats up in operatum, even if 
the transducer is immersed in water, the cooling effect influences mainly the front 
side of the hot element. Its rear side is actually in contact with static air, which is a 
poor heat conductor. Moreover, piezoelectric elements are usually made of ceramic 
materials, which are poor heat conductors as well. Thus, the water removing heat 
from the front side ofthe piezoelectric element has little influence on the rear part of 
this element Consequently, the temperature of the rear part of the element may 
increase and lead to its temporary or permanent malfunction. For this reason the 
acoustic energy generated by air-backed transducers is limited for therma^ reasons 
(this limit varies between different types of piezoelectric element materials and their 
sensitivity to heat). 
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Cable to 
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Fi pire 6 - Typist air-bac ked transducer 
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Description of the invention 

The invention disclosed in this document is a system for gas-cooling an air-backed 
ultrasonic transducer, which provides a solution for the problem of overheating of air- 
backed ultrasonic sources and enabling the generation of higher acoustic power (or 
intensity) compared with standard air-backed transducers while not compromising the 
energy conversion efficiency. 

Schematic descriptions of the disclosed embodiments are given in Figures 7, 8 and 9 

Figure 7 depicts one embodiment of the disclosed invention which is based on an 
ultrasound producing element 4 such as but not limited to a piezoelectric element on 
the front which is housed in a hollow housing 5 made of any solid material such as 
but not limited to Aluminum, Titanium, Stainless steel etc. The ultrasound producing 
element is normally backed by gas (e.g. air). The cooling mechanism for the rear side 
of the ultrasound producing element is circulating gas 6. The gas enters the housing 
through an inlet 1 and leaves the housing through outlet 2. The cooling of the 
ultrasonic producing device by the gas can be done in several ways such as but not 
limited to insertion of compressed gas through a needle 3 which then de compresses 
and using the Joule-Thomson effect is cooled and therefore cools the gas in the 
housing and the back and sides of the ultrasound producing element. 
Another yet not limiting method for cooling the gas is an external cooling device 7 (in 
Figure 8) that will cool the gas outside the housing and using a gas pump 8 will drive 
the cooled gas into the housing through the inlet 1 (See figure 8). 
The gas running through the device can be both circulating in a closed loop, or with 
an open loop having an external gas source or pressure pump and having the gas 
leaving the outlet leave the system completely to the ambient environment. 

Cooling bv liquid + gas backing 

Figure 9 depicts another invention embodiment which is based on an ultrasound 
producing element 4 such as but not limited to a piezoelectric element on the front 
which is housed in a hollow housing 5 made of any solid material such as but not 
limited to Aluminum, Titanium, Stainless steel etc. Yet in this case the ultrasound- 
producing element is not backed by gas but backed with another liquid and the liquid 
is backed by gas. The rear side of the liquid backing is made from an acoustically 
transparent material such as but not limited to Latex. The liquid back compartment 
has two ports (See figure 9), 9 is an inlet port connected to a liquid pump to allow 
flow of liquid into the housing and port 10 is an outlet port allowing liquid to flow 
from the housing back to the pump. The liquid used in this device can be water, 
degassed water or any other coolant used in the industry. This embodiment can be 
employed with or without gas cooling of the gas volume backing the back-liquid 
compartment. 
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Fipure 7 - C om pressed ffas cooling device 
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Invention #4 - Method an d system for ncnnstic emboli protection 

££S£S devices for elimination of cerebral emboli inside the human body via 
their diversion or blocking by acoustic forces and avoiding foeir jwto foe brain 
have been described by MILO in aPCT application No. PCT/IBOO/01785 and U.S. 
patent application 10/162,824, whose disclosures are incorporated herein by 
reference. The PCT application cited above teaches ofvanous embodiments for 
diversion of intra-corporeal emboti using a variety of methods. One of the 
embodiments described therein is a "Collar" mounted around foe neck of the patiente, 
cTtamfog transducers pointing at the carotid bifurcation in order to block the passage 
of microbubbles and microparticles flowing in the common carotid artenes from 
entering foe internal carotid arteries (leading to foe brain) by causing them to flow 
into the external carotid arteries (supplying blood to the facial organs). 

SKSgflBSTl tt» 5 U- k a method **mm S»r MocMa, of 
embolic flow in foe common carotid arteries from entenng foe internal carotid 
tohes Sngtofoe brain. The invention disclosed herein is designed as to become 
aTfotelnd part of closed chest procedures such as cardiological catheterization^ 
percutaneous cardiological interventions (PCIs) and minimally invasive cardiac 
surgical (MICS) procedures. 

The major advantages of foe proposed invention is: 

• Simple and fast system deployment 

• Simple operation 

• Minimum ultrasonic energy imparted into the patient's body 
« Reduced potential of thermal damage to patient 

• Robust operation insensitive to reasonable variations in anatomy between patients 

Tte concept of elimination of cerebral embolism suggested in this invention re lies on 
aweU-known effect in acoustical physics named "Acoustic Radiation Force (ARF) 
The ARF effect states that an acoustic wave, traveling in an ambient hquid, exerts a 
net force on any particle residing in foe fluid, provided that the acoustic ^P^s of 
foe particle (i.e. density and sound velocity) are different form foose of foe ambient 
fluid. Thus,utitizingtheARFoneisableto exert forces on parties residing in a 
Uquid without actually having to maintain physical contact with the particles. This* 
foe basis for foe concept presented here for eUminatoon of cerebral embolism, 
presented in Figures 10 and 1 1 below: 
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1 0 - conc u r* nf ^imination of cerebral embolism - side view 
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Fi gure 11 -concent of elim ination of c^hral emboli - frontal view 



The concept presented in Figures 10 and 11 is based on the specific nature of the 
arterial system supplying blood to the head through the neck. The f^jo^ of the 
blood is conveyed through the two common carotid arteries located on both sides 
of the esophagus. The common carotid arteries (CCA) originate m the aortcarch 
and bi&rate into the external carotid artery (EGA) and the internal caro tad artery 
(ICA) slightly below the mandibular boiie. The ICAs supply blood to the brain 
(and the eyes as well) and the ECAs supply blood to the facial organs. The mam 
idea underlying the concept of elimination of cerebral emboli is directing an 
ultrasonic beam in a specific direction, so as to block passage of embolic flow 
from the CCAs into the ICAs, allowing the emboli to flow only into the ECAs. 
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Description of the invention 

A general view of the disclosed invention and the deployment of the 
in Figure 12 below: 



system is given 




The svstem depicted in Figure 12 above may be integrated into the standard patient 
teble/l, used Z catheterization labs and cardiac surgical theaters Above Ae^le.1, 
are mounted alt system components, which need to be in contact with the patiente 
The protection collar, 2, which contain the power transducers, means for their 
mechanical manipulation and the acoustic matching components, a pad, 3, Rowing 
KSS and stable support to the patient's head and a belt or band, 4, for 
stabilization of the patient's head and neck during the procedure. 

A cross section of the protection collar 2 is given in Figure 13 below. The body of the 
tZ \ ifmade from a rigid material such as but not limited to metals like Stainless 
steel or polymers such as Perspex, Polycarbonate etc., contains a hollow inner cavity. 
Tte two^^^ansducers A mounted on both sides of the body of the collar A 
liquid rilled pad or cushion 3 is mounted in the hoUow cavity of the body of the (collar. 
The liquid-fiUed pad has a hollow central region covered with an acoustically 
matching gel layer 4 or similar coupling materials. The gel byer is covered with a 
protecting sheet made from paper or similar, to protect it when it is not used. This 
sheet ^removed before operation, exposing a clean smooth surface of gel layer. The 
Uquid-pad is connected to the exterior via two ports: inlet port 5 and outlet port ©. 1 fte 
transducers are connected to external plugs 7 and 8. 
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Fipiire 13 - Q™« section o f the Protection Collar 



Carotid bifurcations 




The deployment of the collar on the table is done by insertion of the electrical plugs 7 
and 8 and the water inlet and outlet connectors 5 and 6 to appropriately designed 
sockets existing in the table and connected on their other side to the central command 
and control unit (#5 in Figure 12 above). 

The liquid inlet and outlet ports, may be connected to a pump and icoohng device 
(which are not disposable) installed in the external command and control unit (similar 
concept to the previous inventions disclosed in this document). 

Fieure 14 above depicts the situation when the neck of the patients is positioned into 
the protection collar and the transducers are activated. The neck is pressed against the 
tiquid-filled pad (cushion) and good acoustic coupling is obtained also via fee 
acoustically matching gel (#4 in Figure 13). The transducers are designed in such ^a 
way as to generate a wide enough acoustic beam to compensate for typical variations 
rme^anatomy of the carotid arteries and the carotid bifurcation. In the longitudinal 
^STPdlkii pointing into the page in Figure 14) the tamsducem are long 
eiS to cover the whole gap between the clavicular bones and the mandibular bone 
(typical around 10 cm) so that the whole length of the CCAs is insonated. 

The collar itself may be designed to be disposable, such that when the neck of die 
patient ^remove from the collar, the gel layer is deteriorated and cannot be used a 
second time. 

In another embodiments of this invention, the transducers are mounted on 
mechanically controlled manipulators, which enable the surgeon or cardiologist to 
maneuver the transducers and change their position and onentation according to fee 
specific anatomy of the patient. The correct positioning and alignment of ^the 
transducers can be done manually or automatically in conjunction with real-time 
imatring data obtained by standard imaging devices used m surgical theaters and catn 
absfsueh as X-ray based fluoroscopy imaging used in cath labs, ultrasound imagmg 
devices (suchdevices are used in cardiac surgery theaters for the purpose of aortic 
imaging), etc. 

Detect-and- hit embodiment . . th _ 

Ifthe ultrasound intensities required to achieve blocking of emboli from entering the 
ICA are higher than allowed or desired in CW operation, a different approach may be 
implemented. The suggested approach is based on keeping die Power trWucers idle 
forthe most of the operation and activating them for a short period of tune following 
the detection of particles or bubbles flowing in the CCA. For this purpose, Doppler 
transducers are incorporated in the protection collar. Such transducers are connected 
to an emboli detection system, such as a TCD (Transcranial Doppler device , ^ded 
for intra-cranial detection of emboli). This concept is based on ^ fact t^ typical 
number of emboli detected throughout the course of cardiac surgery is of the _order of 
hundreds to a few thousand (in PCIs and cardiac catheten^tion this figure s 
significantly smaller, around 100 per procedure). The duration of such a pr^edure is 
2 hours or more. Thus, taking a typical duration of 10,000 seconds it »Uowsthat the 
emboli rate is usually smaller than I embolus/sec. However, the tone required for an 
embolus to flow along the entire length of the CCA is of the order of a few teas of 
miUiseconds. Thus, the high-power ultrasonic source does not have to be oontouously 
operated during the whole procedure, but rather only intermittently, provided that 
means for emboli detection are employed. This method will allow the reduction of the 
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overall acoustic energy imparted to the patient's neck by a factor of 10 or more. The 
proposed embodiment is depicted in Figure 15 below: 
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Fi pure IS - alternative embodiment of cerebral embolism elimination 
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„v m «„, US - imr^nHic system ™H riisnnsable sterile w«ve-pnide assembly 

Statio ns presented above require the introduction of an ultrasonic transducer in 
cKSX 'to Z Sdy undeTSeatment in such a way that the insonated 

the bodv is oositioned within the ultrasonic beam. This may pose problems 
Sas ^SSSSSSL^ of the transducer itself (e.g. in Invention #2 above) 
%«ZmZ£3 constraints preventing the use of relatively large transducers m 
nroS^ole body (e.g. in the Protective Collar embodiments the available space 
KSXers behind the neck of the patient may be small). It is therefore 
dSteWsition the transducer in a location where geometrical constramts and/or 
SS considerations are irrelevant and to deliver the acoustic energy to the 
treatment site via a dedicated conduit, 

is a method and device for conveying acoustic energy 
SScm of energy generation to the Jeatment site, through an accuse wave- 
™ de . A general description of the system is depicted in Figure 16 below: 
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Fl pnra 1 6 - Ge »*™1 sketch of delivering thera neutic acoust i c wim-py yfr 3 waveguide 
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A general structure of the acoustic wave-guide is given in Figure 1 7 below. It is based 
on a hXw^tuining shell 1, made from any flexible material that enables bending 
o? me wT-g^TwWiout kinking or the like, such as thin polymer or metalhc layer. 
Saver has to be very thin compared with the acoustic wavelength such that 

a^uc energy will undergo mode conversion and deliver accuse energy 
mtotoe layer. Hie hollow space in the shell fa filled with a coupling material which is 
Cid o solid flexible or polymer material, 2, having low acoustic attenuation, such 
i but not timited to degassed water or acoustic gel. Preferably, to minimize reflection 
of energy from the treated body, the coupling material possesses Rustical properties 
matchedto water or living tissue. In the case that the coupling material is liquid, both 
S of the wTe-guide are covered with thin membranes, 3, enabling good acoustic 
coSSo^Sucer on one end and to the body on the other hand. A schematic 
drawing of the wave-guide fa given in Figure 17 below (not to scale): 




Pi p,™ 17 — A s omatic description of the wave-guide 



The wave-guide may be filled with a constant quantity of liquid coupler or it may be 
connected ran external liquid circulating system comprising a pump and a cooling 
dtvfce, so as to constantly replenish the liquid inside the wave-guide, (similar to 
embodiment disclosed above). 

An improved design of a wave-guide may be one incorporating an internal acoustic 
fens Such a desigf is useful in cases in which the application cor^te require the 
wave-guide to be of small diameter but still provide a wide acoustic beam at the point 
of Ration of the acoustic energy. For example if &e acoustic energy 'needs to be 
delivered to the aortic arch during cardiac surgery (this application is disclosed in 
ProvfatotaTapptic^ion no. 60/5&.459 filed February 12, 2004) then the wave-guide 
^musVh^e a small diameter in order to minimize interference in the surgical 
field but still provide a wide acoustic beam to the aortic arch pis problem may be 
revived by installing an acoustic divergent lens at the distal side of the wave-guide 
5 SSo to A?p2t of contact with the body of the patient). This is depicted in 
Figure 18 below: 
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Fi piire 18 - An acoustic w ave-guide with acoustic lens 



It should be emphasized that the shape of the lens is a function of tiie required 
diveraence (or convergence) and the respective acoustic properties of the coupling 
H^d^dthose of the g lens material. The shape of lens depicted in Figure H hasno 
specific meaning and it is symbolically drawn as is common in optics. This shape 
should not be considered as limiting the scope of this invention m any respect. 

The optimal material for the lens should be such that on one hand it will ^possess 
different sound velocity from that of the coupling liquid so as to enable refraction 
S tiToasil Sens theory and on the omer hand it pos^ss acoustic 
impedance (product of density and sound velocity) as close as possible to that of the 
coupling liquid so as to minimize backward reflection of acoustic energy. 

The wave-guide disclosed above may be also used in 

#4 above) in to avoid integrating the power transducers inside the collar and relieve 
tough geometrical requirements from such transducers. 
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Invention M - System gnd method «Hm»n»tin g cerebral emboli 



Introduction . ■ . . 

The Protection Collar invention disclosed above (Invention #4) is intended to provide 
cerebral protection against emboli created upstream of the bifurcation of the common 
carotid artery (CCA) to the internal and external carotid arteries (ICA and ECA). 
This protection device does not generally provide cerebral protection against emboli, 
which are created in the ICA (downstream of the bifurcation). This is relevant mainly 
in Carotid artery angioplasty/stenting procedures in which the vast majority of lesions 
are within the bifurcation itself or even downstream in the ICA. In those cases the 
majority of emboli are created in the vicinity of die lesion. 

Description of the invention . . 

The invention disclosed below is an application of acoustic radiation force in order to 
block the flow of embolic material, which is already in the carotid bifurcation or even 
in the ICA and to push it upstream in order to transfer the embolic material into the 
CCA There by virtue of the radiation force, blocking passage of the embolic material 
into the ICA the embolic material will flow into the ECA, thus preventing 
neurological injury. This concept is depicted in Figure 19 below: 



External Internal High-intensity 

carotid artery carotid artery ultrasound source 




Propagating 
ultrasonic wave 



Direction of 
blood flow 



Common 
carotid 
artery 



Fi pme 19 - fWent of blocking embo lic material already in the ICA 
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It is clear from Figure 19 above that in order to accomplish blocking of embolic flow 
in the ICA and transfer it back to the CCA one needs to generate an acoustic beam 
approximately in parallel with the ICA. (In contrast with Invention #4 above where in 
order to prevent embolic flow in the CCA ftom entering the ICA the acoustic beam 
was perpendicular to the CCA). This is realizable in 4 possible embodiments: 

Direct positio nfa ff of an ultrasonic transd ucer in proximity to the carotid bifurcation 
This is the simplest realization of this invention and is actually depicted in Figure 19 
above The typical gap between the carotid bifurcation and the mandibular bone is of 
the order of 3-5cm. Thus, a transducer may be positioned in parallel with the exterior 
surface of the neck, such that its acoustic beam will cover the ICA and the bifurcation 
in a direction approximately parallel to the ICA. 

Ream alignment using a p hased array transducer 

In order to avoid potential difficulty arising from tough geometrical constraints on 
transducers that need to be positioned in parallel to the ICA, a phased array 
technology may be utilized. Phased array transducers are capable of generating 
acoustic beams whose direction is electronically changed and controlled. This way 
one can conveniently position the ultrasonic transducers in the vicinity of the patient s 
neck away from the mandibular bone and steer the beam electronically to the desired 
angle, preferably approximately parallel to the ICA. See Figure 20 below: 
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Pi pme 20 - Blocking embolic flow in the I CA using a phased array transducer 
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Ppa m Alignment using an acoustic mirror 

STS. embodiment the transducer is not necessarily positioned adjacent to the 
patient's neck but rather in a more convenient position^ while an acoustic rnnroris 
utilteed to achieve the desired beam orientation via reflection. Such acoustic beams 
i taol in the literature and can be made of any material whose acoustic 
topeS is much very high, such as but not limited to metals, or « 
airVvacuum. In addition, the surface of the acoustic mirror should be very smooth in 
order to avoid dispersion of acoustic energy. See Figure 21 below: 
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nram alignment using an acoustic wave-guide . 
S emSment is a combination of invention s #4 and #5 above, wherein the desired 
orientation of the acoustic beam with respect to the carotid arteiy is achieved by a 
waveguide. See Figure 22 below: 
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Fi gure 22 - Baking embol i m the 1CA using a wave-guide 
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All the above methods of delivery of an appropriate acoustic beam to impinge on foe 
ICA and carotidbifurcationinthe proper orientation are realizable within a Collar 
mooted around the neck of the patient, containing the different components disclosed 
above, whether transducers, wave-guides, mirror etc. All solutions *nibed m 
Invention #4 above, such as Collar structure, acoustic couplmg, disposabihty, etc., are 
directly applicable to this Invention #6. 

The correct positioning and alignment of the acoustic beam with respect to the carotid 
bifureation and foelCA can be done using guidance of standard imaging devices 
existing in the Cath Lab such as X-ray based fluoroscopy. 
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